Context. In its first 4 years of observing the sky above 20 keV, INTEGRAL-ISGRI has detected 500 sources, around half of which are new or unknown at these energies. Follow-up observations at other wavelengths revealed that some of these sources feature unusually large column densities, long pulsations, and other interesting characteristics. Aims. We investigate where new and previously-known sources detected by ISGRI fit in the parameter space of high-energy objects, and we use the parameters to test correlations expected from theoretical predictions. For example, the influence of the local absorbing matter on periodic modulations is studied for Galactic High-Mass X-ray Binaries (HMXBs) with OB supergiant and Be companions. We examine the spatial distribution of different types of sources in the Milky Way using various projections of the Galactic plane, in order to highlight signatures of stellar evolution and to speculate on the origin of the group of sources whose classifications are still uncertain. Methods. Parameters that are available in the literature, such as positions, photoelectric absorption (N H ), spin and orbital periods, and distances or redshifts, were collected for all sources detected by ISGRI. These values and their references are provided online. Results. ISGRI has detected similar numbers of X-ray Binaries and Active Galactic Nuclei (AGN). The former group contains new members of the class of HMXBs with supergiant stellar companions. Usually, this type of object presents strong intrinsic absorption which leads to a peak emission in an energy range that ISGRI is ideally suited to detect. Thanks to these additional systems, we are able to show that HMXBs are generally segregated in plots of intrinsic N H versus the orbital period of the system and versus the spin period of the pulsar, based on whether the companion is a Be or an OB supergiant star. We also find a tentative but expected anticorrelation between N H and the orbital period, and a possible and unexpected correlation between the N H and the spin period. While only a handful of new Low-Mass X-ray Binaries (LMXBs) have been discovered, there are many sources that remain unclassified and they appear to follow a spatial distribution typical of Galactic sources (especially LMXBs) rather than extragalactic sources.
Introduction
In just over 4 years, INTEGRAL-IBIS/ISGRI ; Ubertini et al. 2003 ) has detected ∼ 300 previouslyknown sources in the hard X to soft γ-ray band (20-100 keV), and discovered ∼ 200 sources that were previously unknown at these energies. We will hereafter refer to the latter sources as IGRs 1 (for INTEGRAL Gamma-Ray sources). Generally, these sources were detected by creating long-exposure mosaic images captured by ISGRI (e.g., ). The INTEGRAL core programme (Winkler et al. 2003 ) is beginning to fill in underexposed regions of the sky.
Most of the sources that ISGRI has detected are Low and High-Mass X-ray Binaries (LMXBs and HMXBs, respectively), or Active Galactic Nuclei (AGN). Both LMXBs and HMXBs feature a compact object such as a neutron star (NS) or a black hole (BH) accreting material from a companion star: a faint old Send offprint requests to: arash.bodaghee@obs.unige.ch 1 an updated list of IGRs can be found at http://isdc.unige.ch/∼rodrigue/html/igrsources.html dwarf in LMXBs (M 1 M ⊙ ), a bright young giant in HMXBs (M 10 M ⊙ ), or sometimes an intermediate-mass companion. Accretion typically occurs via Roche-lobe overflow in LMXBs or through the wind in HMXBs. An accretion disk can be found in both types of systems and is an important component of the optical/UV and X-ray emission from AGN and LMXBs.
Subclasses exist within the 3 most common groups. In the case of HMXBs, the spectral type of the stellar companion determines the sub-classification beyond the NS or BH nature of the compact object. A majority of HMXBs host mainsequence (MS) Be stars that have not filled their Roche lobe (Waters & van Kerkwijk 1989) . These systems are usually transient with flares produced whenever the sometimes wide and eccentric orbit brings the compact object close to its companion. Persistent HMXBs are typically accompanied by an evolved supergiant (SG) O or B star whose wind steadily feeds the compact object. Their variability stems from inhomegeneities in the wind. Similarly, LMXBs can be classified based on the type of compact object (NS or BH) it has. Neutron star LMXBs can be divided further into Z or Atoll sources depending on the tracks they follow in a color-color diagram. The 2 primary groups of AGN are Seyfert 1 and 2, with the latter being more absorbed and showing narrow emission lines only.
Our understanding of the different populations of INTEGRAL sources is limited by the large number of sources about which very little is known. Roughly half of all IGRs remain unclassified. The nature of these sources is difficult to elucidate given that many are faint or transient. Furthermore, the images, spectrum, and timing analysis gathered from a single energy range are usually insufficient to classify an object. Information from other wavelengths such as soft X-rays, infrared or radio are necessary to help identify the nature of a source. For example, radio emission can be the signature of a jet or pulsar, while the optical spectral type can help distinguish between LMXBs and HMXBs, and the redshift can place it at extragalactic distances. Follow-up observations with soft X-ray telescopes (i.e. Chandra, RXTE, Suzaku, Swift and XMM-Newton) can provide fine timing analyses which enable short-period modulations to be found, and they can describe the shape of the continuum below ISGRI's ∼20 keV lower limit, in an energy range where potential photoelectric absorption (N H ) and iron fluorescence lines are detectable. Precise X-ray coordinates from Chandra, Swift or XMM-Newton can be used to search for counterparts in dedicated radio, optical, and IR observations or in catalogues. However, many sources are clustered in the Galactic center and along the plane, which, because of the density of stars and the amount of obscuring dust, can hinder the identification of the optical/IR counterpart.
Perhaps the most interesting result from follow-up observations is that a number of IGRs present column densities that are much higher than would be expected along the line of sight. These large absorptions are therefore intrinsic and could be the reason these sources eluded discovery with previous (softer) Xray missions. The first new source discovered by INTEGRAL is IGR J16318−4848 which is one of the most absorbed Galactic sources known with N H ∼ 2 · 10 24 cm −2 or roughly 2 orders of magnitude more than the intervening Galactic material (Dickey & Lockman 1990) . Since this discovery, other sources joined the growing class of heavily-obscured X-ray sources described by Walter et al. (2004) and Kuulkers (2005) .
A certain number of these absorbed sources consist of Xray pulsars: e.g. IGR J16320−4751 ), IGR J16393−4643 , and IGR J17252−3616 (Zurita . Their persistent emission, their long pulse periods (∼ 1 ks), and their large column densities suggest that these systems are likely to be SG HMXBs, with the NS deeply embedded in the wind of its massive stellar companion ). These kinds of systems are still a minority compared to Be HMXBs, but INTEGRAL is expanding their ranks.
Supergiant Fast X-ray Transients (SFXT: see Sguera et al. (2005) for a review) are another type of object whose numbers are increasing thanks to INTEGRAL. These objects are HMXBs whose X-ray emission is characterised by short strong outbursts (a peak flux of up to a Crab or more during a few seconds to a few hundred seconds), sometimes with recurrence timescales that can reach several hundred days. Despite the intensity of their outbursts, SFXTs are usually not detected in deep mosaic images because the accumulation of exposure time attenuates their significance. Therefore, the search for SFXTs involves scanning archival light curve data and short-exposure mosaic images for rapid bursts from known transients or at new locations.
ISGRI has also detected other types of Galactic objects such as Cataclysmic Variables (CVs), Supernova Remnants (SNRs), Pulsar Wind Nebulae (PWN), Anomalous X-ray Pulsars (AXPs), etc., which are referred to henceforth as Miscellaneous.
The most extensive catalogues of sources detected by ISGRI are the catalogues of and . These catalogues represent fairly large and homogeneous samples that can be used to study the general characteristics of populations of high-energy sources (e.g. Lebrun This research presents the parameters of all sources detected by ISGRI and reported between its launch on Oct. 17, 2002 , until Dec. 1, 2006 . Absorption values, pulse and orbital periods, and distances or redshifts were collected from the literature and were used to study the populations of high-energy sources, to test various correlations expected from theoretical predictions, and to investigate where the new and previously-known sources detected by ISGRI fit in the parameter space of high-energy objects.
Data & Analysis
We selected all sources from Version 27 of the INTEGRAL General Reference Catalogue ) which were detected by ISGRI (i.e. those with "ISGRI FLAG==1"). These flags were set to the value of 1 as soon as confirmation of a detection by ISGRI is announced in an article, conference proceeding, Astronomer's Telegram or IAU circular. Therefore, the completeness of the sample is difficult to evaluate given that by definition, the present sample contains all sources that were detected above 20 keV while within the ISGRI FOV at some point during the last ∼4 years, without considering the detection significance, nor the amount of exposure time that was required to make the detection.
The exposure map that can be seen in Fig. 1 was created by accumulating all public pointings in revolutions 30-484 (UTC: 11/1/2003-1/10/2006). Due to the core programme observation strategy, the Galactic centre (GC) is heavily exposed (t exp > 10 Ms) whereas some regions have less than 10 ks of exposure time dedicated to them. The exposure is uneven along the Galactic plane as well, with exposure biases in the directions of the spiral arms. The sensitivity limit of a source in the most exposed regions is as low as ∼ 1 mCrab for a transient object detected at the 6σ level ). In fact, some sources were detected only because the instrument serendipitously caught a flaring event. Using the fact that the Log(N)-Log(S ) relation for extragalatic sources follows a power law with a slope of −3/2 (Forman et al. 1978) , we can estimate a sensitivity limit of 5 mCrab (= 3.78 · 10 −11 ergs cm −2 s −1 in 20-40 keV) for our sample based on where the distribution of AGN from deviates from the expected slope.
A number of IGRs have soft X-ray counterparts that were sometimes detected by earlier missions. For example, IGR J16393−4643 was known as AX J1639.0−4642 by ASCA, and IGR J17252−3616 as EXO 1722−360 by EXOSAT, and many IGRs have ROSAT counterparts (Stephen et al. 2006 ). Since ISGRI was the first to detect them above 20 keV, it is legitimate to group them together as a population of new soft γ-ray sources. They can then be compared to sources detected by ISGRI that were previously known to emit above 20 keV (e.g., Crab, Vela X-1, etc.). Note that the so-called previously-known sources actually include a few objects that were discovered after the launch of INTEGRAL (e.g. by HETE, RXTE or Swift). Fig. 1. Spatial distribution in Galactic coordinates of sources detected so far by ISGRI. The figure at the top presents the distributions of HMXBs (stars), LMXBs (squares) and miscellaneous sources (triangles). The figure at the bottom displays extragalactic sources (circles) and unclassified sources (crosses). The directions to the spiral arm tangents and other areas of interest are indicated, as are the cumulative exposure times at each location (from public data in revs. . The number of sources in each class is listed in Table 2 .
The name or position of each source in our sample was queried to the SIMBAD and ADS servers for references that could provide any of the following parameters: position and error radius, classification, column density (N H ), spin period, orbital period, and distance (or redshift). Besides a rough Xray position, very little is known about some sources, while other sources were so thoroughly studied that choices had to be made between sometimes conflicting values (notably N H and distance). The index of parameters that we have constructed (see Table 1 2 ) represents what we know about sources detected by ISGRI to date (until December 1, 2006). The structure of Table 1 is as follows:
-Name: Most sources have more than 1 name owing to detections by various instruments operating at different energies. As in , we selected names that are commonly used in high-energy astrophysics and that are accepted as an identifier in SIMBAD. This eases comparisons with other catalogs.
Source positions are from the X-rays unless a more accurate position at other wavelengths is known for a confirmed counterpart. Right Ascension and Declination in J2000 coordinates are given in "hh mm ss.s" and "deg arcmin arcsec" formats, respectively. The uncertainty (in arcmin) of the position from the reference is given as an individual entry, and it is reflected in the representation of the source positions. Galactic coordinates are also provided.
Column densities (in 10 22 cm −2 ) were gathered from the literature whenever a model fit to the X-ray spectrum required an absorption component. Extracting a single N H for a source and comparing this value to those of other sources is not a straightforward exercise since intrinsic column densities are not static. A measurement made during flaring or quiescent periods, or at different orbital epochs, will heavily influence the N H . The geometry of the system, the energy range of the satellite that gathered the data, and the model used to describe the resulting spectrum also affect the N H value. Therefore, the uncertainties are often large or only upper limits are provided. Whenever possible, we selected the N H value of the model that best fits a recent X-ray spectrum taken with a telescope that covers the soft X-ray domain well.
-Modulations:
Spin periods (in seconds) and/or orbital periods (in days) have been reported for a large number of Galactic objects detected by ISGRI. Some systems are known to spin down, so we selected the most recent value from RXTE whenever possible, even though this level of precision is not needed for the purpose of our study. The spin period can refer to the spin of the NS in X-ray binaries, or to the spin of the White Dwarf in CVs. The catalogs of and , and the systematic analysis of RXTE data by are among the main references of spin and orbital periods in this work.
The distances to extragalactic objects are given as a measure of the redshift (denoted by brackets). Objects in the Milky Way and Magellanic Clouds have distances in units of kpc. Opinions sometimes differ as to the distances of some Galactic sources. We favored distance measurements that were recent, precise and that were the least modeldependent. Even so, the distance uncertainties quoted in the literature can be large. The distance measurements are from, All parameters are referenced so that the reader can assess the methods that were used to determine the quoted values and uncertainties. intrinsically obscured than HMXBs or AGN, and are therefore easier to detect with previous satellites. Around 50 sources have been detected that belong to the group of miscellaneous sources (i.e. CVs, SNRs, PWN, AXPs, etc.), while ∼ 130 IGRs await classification.
Results

Spatial Distribution
The spatial distributions, in Galactic coordinates, of the major classes of γ-ray sources detected by ISGRI are presented in However, Fig. 1 also demonstrates the effect that the evolution of each type of source has on its spatial distribution. Because their optical companions belong to an old stellar population, LMXBs are found predominantly in the Galactic bulge and/or they have had time to migrate off the plane of the Milky Way (|b| 3-5
• ). On the other hand, the stellar companions of HMXBs are young stars, so these systems must remain close to sites of recent stellar formation. Thus, the angular distribution of HMXBs reflects the spiral structure of the Galaxy, with an uneven distribution along the Galactic plane punctuated by peaks that are roughly consistent with the tangential directions to the inner spiral arms. Those HMXBs that have been detected at longitudes |l| 90
• correspond to systems located around spiral arms near the Sun. Evolutionary signatures like these were noticed in the past by Ginga (Koyama et al. 1990 ), RXTE , and more recently with INTEGRAL (Dean et al. 2005; , although their samples were smaller than the one presented here.
Another way to demonstrate the role of stellar evolution in shaping the spatial distributions of LMXBs and HMXBs is to plot the positions of sources whose distances are known on a spiral arm model of the Milky Way. Russeil (2003) developed the Galactic spiral arm model that we used. Their model is based on the locations of star-forming complexes that include groups of OB stars, molecular clouds, H II regions, and diffuse ionised gas. The locations of these complexes are derived from a variety of tracers such as Hα, CO, the radio continuum and absorption lines. Table 3 for parameters). Table 3 . Parameters from the model described in the text fit to the distributions of scale heights from the Galactic plane for HMXBs, LMXBs and miscellaneous sources whose distances are known. Objects from the Magellanic Clouds are excluded.
HMXBs 36 ± 3 7.5 ± 1.7 134
LMXBs 22 ± 3 1.5 ± 0.5 680
Misc. 41 ± 3 15 ± 4 66
While the uncertainties on distances can be large, Fig. 2 shows that HMXBs tend to occupy the outer disk and arms where young stars are formed, whereas LMXBs are clustered near the bulge where old globular clusters reside. A histogram of galactocentric radii (Fig. 3) shows LMXBs peaked at the center and decreasing gradually, while HMXBs roughly follow the distributions from H II/CO surveys (Russeil 2003) which are underabundant in the central few kpc and peak at the spiral arms. According to a Kolmogorov-Smirnov (KS) test, the probability is less than 0.01% that the galactocentric distributions of LMXBs and HMXBs are statistically compatible.
The distribution of LMXBs in the central Galaxy suggests an association with the Galactic bar (Fig. 2) . Low-mass X-ray binaries whose distances are known and that have been detected by ISGRI are not prevalent on either side of the bar. Only 1 LMXB with a distance measurement has been detected in the Galactic center region bound by 0 < x < 3 kpc and −3 < y < 0 kpc, indicating that the bar might be responsible for preventing an identification and distance measurement to be made for the faint counterparts to LMXBs situated behind it. As viewed from the Sun, the orientation of the bar leads to an apparent asymmetry of LMXBs in the central 3 kpc of the Galaxy (|l| 20
• ): in this direction, ISGRI has detected 50% 7 more LMXBs at negative longitudes than at positive longitudes. Maps of Galactic absorption are expected to be symmetrical in this region (Dickey & Lockman 1990 ).
In Fig. 4 , we present the Galactic distribution of star-forming complexes Russeil (2003) with the symbol size proportional to the excitation parameter in that region (≡ amount of ionising photons as determined from the radio continuum flux). Highmass X-ray binaries whose distances are known are symbolised by stars, while those with unknown distances were assigned a distance of 8.5 kpc and are represented by pentagons. The 4-arm spiral model of Russeil (2003) is also drawn. Figure 5 presents histograms of Galactic longitudes (integrated over the latitude) of HMXBs (shaded histogram, with |b| < 6
• , in order to exclude sources in the Magellanic Clouds). Also shown are angular distributions of star-forming complexes from Russeil (2003) (divided by 3, thick histogram), and of ultra-compact H II regions detected by IRAS (Bronfman et al. 1996 ) (divided by 10, dashed histogram).
In general, the distribution of HMXBs along the plane of the Milky Way coincides with the expected radial distribution of young massive star-forming regions. A KS test yields a probability of 22% that the distributions of HMXBs and IRAS sources (shaded and dashed histograms, respectively, in Fig. 5 ) are statistically compatible. Excluding HMXBs that lie outside the survey region covered by Bronfman et al. (1996) (|b| < 2
• for |l| < 60
• , and |b| < 4
• elsewhere) increases the probability of statistical compatibility to 34%. Peaks at Galactic longitudes l ∼ ±30
• are observed in both data sets corresponding to the direction of the inner spiral arm tangents (Norma and Scutum/Sagittarius arms). Bronfman et al. (1996) remark that the peaks in their distribution are also consistent with another active formation site of young, massive stars: a molecular ring situated at a radius of ∼3 kpc from the Galactic center.
At first glance, the distributions of star-forming complexes of Russeil (2003) and HMXBs are also compatible (thick histogram in Fig. 5 ). The KS test returns a probability of only 3% which is misleading given the large number of objects in Russeil (2003) that are not very active. When selecting complexes with an excitation parameter > 10 pc cm −2 , which still represents 70% of the sample, the statistical compatibility improves to 41%. and Dean et al. (2005) found that the distribution of HMXBs was offset with respect to the directions of the spiral arm tangents. note that ∼ 10 Myr must elapse before one of the stars in a binary system collapses into a NS or BH, and that Galactic rotation will induce changes in the apparent positions of the arms relative to the Sun. This implies a delay between the epoch of star formation and the time when the number of HMXBs reaches its maximum. The observed displacement could simply stem from uncertainties in the distances to the HMXBs. Another problem is that the exact location of the arms depends on which Galactic model is used. Changes in the Sun-GC distance or in the pitch angles of the arms affects the radial scaling and shifts the tangential directions.
The propagation of density waves is believed to promote star formation in the spiral arms (Lin et al. 1969 ). Depending on the distance to the GC, the spiral arm pattern has angular velocities in the range of Ω ∼20-60 Gyr −1 (Bissantz et al. 2003) . Hence, in the last ∼ 10 Myr (corresponding roughly to the epoque when the inner spiral arms and the current density maxima of HMXBs overlapped), the inner arms of the Galaxy have rotated around the GC by ∼ 40
• . Individual stars (such as the Sun) or groups of stars have negligible movement in this scenario. Instead, star-forming sites that are now active (e.g. from Russeil (2003) ) should be about ∼ 40
• away from those regions that were active some 10 Myr ago and that produced the current crop of HMXBs. Therefore, in order to reproduce the distribution of active star-forming sites as they were some 10 Myr ago, we introduced differential Galactic rotation to "unwind" the distribution of current star-forming complexes from Russeil (2003) . Kolmogorov-Smirnov tests suggest that the effects of Galactic rotation are negligible, even when only the most active sites are considered.
The distribution of angular distances from the Galactic plane (in degrees, for |b| < 20
• ) of sources detected by ISGRI is shown in Fig. 6 . The distributions were summed over the northern and southern Galactic hemispheres. Shaded histograms are HMXBs (left) and AGN (right), and the thick histograms represent LMXBs (left) and miscellaneous sources (right). The distribution of unclassified sources is given by the dashed histogram. Not surprisingly, the spread of the latitude distributions is larger in LMXBs than it is in HMXBs owing to the relative youth of the optical primaries in the latter. Also expected is the distribution of AGN which is more or less flat and which roughly follows the exposure map. However, the Galactic plane (|b| 3
• ) is noticeably deficient in AGN detections despite the fact that the exposure map is biased here. This highlights the difficulty in detecting AGN at high energies and at low latitudes; these objects tend to be intrinsically absorbed, they are further obscured by the Galactic plane, and their counterparts have to be identified within a crowded field. noted that the exclusion of sources in the Galactic plane region (|b| < 5
• ) from an all-sky survey resulted in only a marginal reduction in the number of identified AGN, whereas the number of unclassified sources dropped significantly.
It is useful to examine the unclassified sources as they help to define the limits of our study. Almost all of the sources that are unclassified have position accuracies that are no better than a few arcminutes. This precludes establishing an optical counterpart for many unclassified sources located in crowded regions such as the Galactic plane. The transient nature of many unclassified sources implies a lack of immediate follow-up observations that would permit a classification. Because of their transience, many unclassified sources appear fainter than average in long-exposure mosaic images. Unclassified sources have a distribution of Galactic latitudes that peaks in the central 3
• from the Galactic plane and decreases gradually, suggesting a population of sources that are Galactic rather than extragalactic in origin (see Fig. 6 ). Many of the unclassified sources also happen to be transient, whereas AGN can vary but tend to emit persistently. Furthermore, the angular distribution of unclassified sources is very similar to the distribution of LMXBs with a KS-test probability of nearly 40% of statistical compatibility between unclassifieds and LMXBs, compared with 13% for miscellaneous sources, and less than 0.01% for either AGN or HMXBs.
While there are extragalactic sources among them, the population of unclassified sources is therefore likely to be composed primarily of Galactic sources such as LMXBs and miscellaneous sources. We are unable to elaborate on the proportions of the different classes, but it is clear from Fig. 6 , and from the results of KS tests, that the unclassified sources are most similar to the LMXBs and miscellaneous sources in their distribution off where α ≡ 1/h 0 describes the steepness of the exponential. The parameters that best fit this model are listed in Table 3 . The value that we derive for the characteristic scale height (h 0 ) of HMXBs is ∼ 130 pc which is compatible with the value found by with RXTE data, but slightly less than the value from Dean et al. (2005) ( 200 pc). The characteristic scale height that we derive for LMXBs (∼ 600 pc) is larger than the scale heights found by and Dean et al. (2005) which were closer to ∼ 400 pc. This is probably due to the greater coverage of the sky and larger sample size of our study. Miscellaneous sources have a distribution that is more similar to HMXBs than it is to LMXBs.
Absorption
The column densities along the light of sight of some sources in our sample are higher than the value expected from radio maps (Dickey & Lockman 1990 ) which implies absorbing material intrinsic to the source. On average, Galactic IGRs are more absorbed than the sources seen before INTEGRAL (by a factor of ∼4) with IGRs representing a sizable contingent of objects that have N H ∼ 10 23 cm −2 (see Fig. 8 ). The average column density of sources that were previously known is N H = 1. (σ ∼ 0.6). A KS test yields a probability of less than 0.01% that the two distributions are statistically compatible. The classified Galactic IGRs are mostly HMXBs (Table 2 ) which usually exhibit high column densities, either intrinsically due to the geometry of the system or extrinsically due to their location along the dusty Galactic plane. Note, however, that the highest value of Galactic N H is ∼ 3 · 10 22 cm −2 so objects with very large N H can not be explained by interstellar absorption alone. Also keep in mind that the absorption from Dickey & Lockman (1990) tends to be underestimated given that local small-scale inhomogeneities and the contribution from molecular hydrogen are ignored. The main reason that more absorbed sources are being found is that by operating above 20 keV, ISGRI is immune to the absorption that prevented their discovery with earlier soft X-ray telescopes. A large absorption is also a common feature of extragalactic IGRs. However, our data show that as a group, they are not more absorbed ). This region also happens to be the most active formation site of young supergiant stars (Bronfman et al. 1996) . These stars are the precursors to the absorbed HMXBs that ISGRI is discovering in the Norma Arm. The Galactic Bulge and the Scutum/Sagittarius Arms are also represented by obscured sources but to a lesser extent than in the Norma Arm.
For sources whose distance are known, we did not find any clear dependence of the intrinsic N H on the distance to the source, nor did we find a dependence of N H with the luminosity as derived from the soft-band fluxes (20-40 keV) listed in .
Modulations
The strong magnetic fields in some NS X-ray binaries can produce non-spherically symmetric patterns of emission. If the magnetic and rotation axes are misaligned, this results in pulsations in the X-ray light curve.
Most IGRs for which a pulsation has been measured have spin periods (P s ) in the range of 100-1000 s, or around 10 times longer than the average pulse period of pre-INTEGRAL sources (Fig. 10 ). There are notable IGRs that represent extreme cases: IGR J00291+5934 has a pulse period of only 1.7 ms making it the fastest accretion-powered pulsar ever observed , whereas IGR J16358−4726 has a spin period as long as 6000 s . One of the reasons that IGRs have longer pulse periods than average is because many of them are SG HMXBs which are wind-fed systems with strong magnetic fields that tend to have the longest pulse periods (e.g. Corbet 1984 ). Another reason is that INTEGRAL and XMM-Newton feature long orbital periods around the Earth. This means that the source can be observed for long periods of time without interruptions, so that pulsations on the order of a few hundreds of seconds or more can be detected. Meanwhile, the previously-known sources in Fig. 10 include millisecond pulsars and other LMXBs, radio pulsars, CVs, etc., which are underrepresented among IGRs. To illustrate this, we performed a KS test which returned a very low probability (0.0007%) of statistical compatibility between the distributions of 18 IGRs (shaded histogram) and 92 previously-known pulsars of all types (clear histogram) as they are presented in Fig. 10 . The KS-test probability improved by an order of magnitude when IGRs were compared to 49 previously-known HMXBs, and it improved by 3 orders of magnitude when IGRs were compared to 14 previously-known SG HMXBs. So INTEGRAL is not just finding new pulsars that are HMXBs, but these HMXBs are predominantly long-period systems with SG companions.
The distribution of orbital periods (P o ) of IGRs exhibits a similar bimodal shape to that seen in the distribution of orbital periods known before INTEGRAL (Fig. 11) . The probability of statistical compatibility is nearly 80% according to a KS test.
The bimodal distribution represents 2 underlying populations: LMXBs (and miscellaneous sources) which tend to have short orbital periods, and HMXBs which tend to have longer orbital periods (Fig. 12) .
In a Corbet P s -P o diagram (Corbet 1984) , members of each subclass of HMXBs segregate into different regions of the plot owing to the complex feedback processes between the modulation periods and the dominant accretion mechanism. Figure 13 shows that the majority of IGRs are located among other known SG HMXBs. The figure also shows that Be HMXBs have longer orbital periods than SG HMXBs, in general. While this fact was already known (e.g. Stella et al. 1986 ), the discrepancy remains even though INTEGRAL has nearly doubled the number of such systems.
Modulations vs. Absorption
Accretion affects the spin period of a NS. If the velocity at the corotation radius (the radius at which the magnetic field regu- lates the motion of matter) exceeds the Keplerian velocity, then material will be spun away taking angular momentum with it and the NS will slow down due to the "propellor mechanism" (Illarionov & Sunyaev 1975) . For corotation velocities smaller than the Keplerian velocity, the material is able to accrete onto the NS magnetosphere which will either spin up or spin down the NS depending on whether the angular momentum of the accreted material has the same or an opposite direction as the NS spin (Waters & van Kerkwijk 1989) . So the spin rate of the pulsar in a HMXB is regulated by, among other things, the angular momentum of the wind of the stellar companion.
Assuming spherically-symmetric accretion from a radiationdriven wind of a SG star, the density of the wind as a function of radius is ρ(r) ∝ r −2 . On the other hand, the structure of the winds of Be stars is believed to consist of dense slow equatorial outflows and thin fast polar winds (Lamers & Waters 1987 ). The density drops much faster with the radius (ρ(r) ∝ r −3 ) (Waters et al. 1988 ). Therefore, the winds of Be stars present stronger density and velocity gradients inside the capture radius of the NS, in both radial and azimuthal directions, which suggests that wind-fed accretion is more efficient at delivering angular momentum to the NS in Be HMXBs than it is in SG HMXBs (Waters & van Kerkwijk 1989) .
Given the density structures described above, and assuming a steady accretion rate of material whose angular momentum has the same direction as the spin of the NS, the spin period of the NS will reach an equilibrium value P eq ∝ ρ −3/7 . However, the present-day spin periods of NS in SG systems are much longer than predicted and are actually closer to P eq of the stellar winds while the star was still on the MS (Waters & van Kerkwijk 1989) . The equilibrium spin period in Be systems is constantly adjusting to the changing conditions in the winds (Waters & van Kerkwijk 1989) . As with the SG systems, pulsars in Be systems are not currently spinning at P eq but reflect the values of an earlier evolutionary stage (King 1991) . So even though the transport of positive angular momentum through the wind is so inefficient that it can not spin up the pulsar to its expected equilibrium spin period, this does not influence how well the pulsar can be spun down by the "propellor mechanism" (Waters & van Kerkwijk 1989) .
With a few exceptions, HMXBs from the Milky Way that have been detected by ISGRI are segregated into distinct regions of a P s -N H diagram (Fig. 14) stemming from the higher average N H and longer average P s of SG HMXBs compared to Be HMXBs. The SG HMXBs set apart from the others (P s < 50 s) are Cen X-3 which is a Roche-lobe overflow system, and OAO 1657−415 which might be transitioning from a wind-fed to a disk-fed system ( Dickey & Lockman (1990) . This normalisation does not affect our conclusions but it helps to reduce the scatter in the vertical direction, particularly for nearby sources such as X Per.
There could be a weak positive correlation between the N H and spin period for HMXBs as a group. There are no highlyabsorbed sources (N H > 10 23 cm −2 ) with spin periods shorter than a few tens of seconds, and there are no pulsars with P s > 100 s that are poorly absorbed (N H < 10 22 cm −2 ). A leastsquares fit to the data yields P s ∝ N 5/7 H . If we consider the N H to be a reliable estimate of the density of matter around the compact object, then the slope that we find contradicts the slope expected from the equilibrium values (∼ −3/7). However, as noted above, the pulsars in Fig. 14 are spinning at periods that are longer than their equilibrium values would suggest.
Since Be HMXBs tend to have longer orbital periods than SG HMXBs (see Fig. 13 ), a distinction is also seen among the distributions of the N H values and orbital periods of HMXBs with Be or SG companions (Fig. 15) . There also appears to be an anti-correlation of N H and orbital period: a least-squares fit to the data returns
. In both types of systems, a shorter orbital period implies a compact object that is embedded deeper or spends more time in the dense regions of its stellar companion's wind resulting in more absorption. Therefore, Be HMXBs continue the trend set by SG HMXBs into long-orbital periodicity and low-N H regions of the plot.
Spearman rank tests to the P s -N H and P o -N H distributions return weak positive and negative correlations with coefficients of 0.37 and −0.33, respectively, suggesting that the null hypothesis of mutual independence between N H and P s or P o can be rejected. From Monte Carlo simulations, we determined that the probability of finding a Spearman rank coefficient 0.33 is around 5%. Admittedly, the scatter in the data is large as can be seen in Figs. 14-15. Because there are large uncertainties in the N H and practically no uncertainty in the spin and orbital periods, the slope from a least-squares fit will tend to overestimate the real slope. Futhermore, the conclusions that we derive for how divergent species of objects react to changes in the local absorbing matter are based on a simplification of the underlying physics. The inclinations of the systems and their eccentricities, for example, are ignored. Even if we can not fit a slope of −3/7 to the data in Fig. 14 , the correlations that we find in Figs. 14-15 might simply be due to the segregation of the 2 populations into distinct regions of the plots, rather than being due to physical processes.
Nevertheless, as more sources are added to these diagrams, the potential trends that have emerged could help constrain models describing the influence of local absorbing matter on the modulations. Another advantage of these plots is that the probable designation of an unidentified source is much more likely to be correct than when only a single parameter is used. This is illustrated in Fig. 16 where distributions of the 3 parameters in question (N H , P s and P o ) are presented for SG and Be HMXBs. Other than in the orbital periods, and in the extremities of the N H and P s distributions, there is little that differentiates the 2 groups. A HMXB selected from an average bin in either N H or P s has a roughly equal probability of hosting a SG or Be star. However, a random HMXB in the N H -P s plot will tend to be located among other members of its group. Therefore, these diagrams could serve as new tools to help distinguish between SG and Be HMXBs when only N H and either the spin or orbital periods are known. For example, IGR J19140+0951 has an orbital period of around 13 days and N H ∼ 10 23 cm −2 . It is positioned among other SG HMXBs so its companion is probably an OB supergiant (boxed cross in Fig. 15 ). This designation has already been suggested based on other criteria such as the source's persistent emission (Rodriguez et 
Summary & Conclusions
We have compiled a catalogue of all ∼500 sources that were detected by ISGRI during its first 4 years of observations. This includes published parameters such as positions, column densities, spin and orbital periods, and distances or redshifts. The primary aims of this catalogue were to gather in a single place the most important parameters of high-energy sources detected by ISGRI and to use this large sample to test against various theoretical predictions, to search for possible trends in the data, and to determine where new sources fit in the parameter space established by previously-known high-energy sources.
Clustered towards the spiral arm tangents and at low Galactic latitudes, HMXBs follow the distributions of tracers of starforming regions. In contrast, most LMXBs are found in the Galactic bulge or have had time to migrate to high latitudes, typical of an older stellar population. The discrepancy is seen again in galactocentric profiles where the number of LMXBs gradually decreases from its maximum in the central kpcs, while HMXBs avoid the central kpcs and are overrepresented at the peaks of H II/CO distributions.
Over 200 new sources have been discovered by ISGRI but many of them remain unclassified. Although some may be AGN behind the plane, unclassified sources have a spatial distribution that resembles a Galactic population (notably LMXBs and CVs) rather than an extragalactic one. If the unclassified sources are composed primarily of LMXBs, as their spatial distributions and the transient emission of most them seem to suggest, then the reason they remain unclassified is because the faint optical/IR counterparts of such sources are difficult to identify in the crowded and obscure Galactic plane.
Since it operates above 20 keV and is unhindered by absorption, ISGRI is discovering many new HMXBs and AGN that are intrinsically absorbed (N H ∼ 10 22 -10 24 cm −2 ). On average, Galactic IGRs are more absorbed (by a factor of ∼4) than sources that were previously known.
Spin periods for most IGR pulsars are between a few hundred to a few thousand seconds or somewhat longer than the average spin periods of sources known before INTEGRAL. The distribution of orbital periods for IGRs closely resembles the bimodal distribution set by previously-known sources. The peaks correspond to 2 underlying populations: LMXBs and miscellaneous sources such as CVs and SNRs which tend to have short orbital periods, and HMXBs which have longer orbital periods, in general. Almost all IGRs for which both spin and orbital periods have been measured are located in the region of wind-fed accretion in the Corbet diagram. This is a testament to the number of new SG HMXBs that INTEGRAL has discovered.
Thanks to the larger sample size of these new SG HMXBs, we were able to test for dependences of the spin and orbital periods of HMXBs on the amount of absorbing matter local to the source. While scatter is an issue, there is a clear segregation of HMXBs in both plots which could be used to help assign Be or SG sompanions to sources that are still unclassified. There could be trends in both the P s -N H and P o -N H diagrams. The possible correlation of P s ∝ N 5/7 H appears to contradict the expected slope (−3/7, e.g. (Corbet 1984) ) which confirms that current spin periods are longer than the predicted equilibrium values, and that the spin-up of the pulsar via the wind is not as effective as the spin-down via the "propellor mechanism." The potential anticorrelation in the P o -N H plot means that the average column density varies inversely with the distance between the objects as one would expect. However, intrinsic absorption values can change and the potential trends we see, rather than being due to physical processes that make the parameters inter-dependent, could simply be the result of 2 populations of sources occupying different parameter spaces, i.e. SG HMXBs are generally more absorbed, they spin slower, and they have shorter orbits than Be HMXBs. Nevertheless, given N H and either P s or P o for a HMXB, improves the chances of correctly predicting the type 13 of counterpart it has, compared with relying on only a single parameter. Of course, confirmation of the spectral type of the donor star in a HMXB still requires an optical/IR observation.
This work takes advantage of multi-wavelength observations in order to understand the nature of IGRs, and to help clarify the mechanisms that govern each type of source. Among the challenges facing more detailed population studies is the limited sample size of each subclass. This can only be alleviated by using large-FOV instruments such as INTEGRAL to search for new sources, and by regularly observing each new source in other wavelengths so that the accumulation of evidence rules out all but a single type of object. Many of the new sources which have been classified are absorbed HMXBs with supergiant companions. The increasing number of these systems discovered by INTEGRAL could alter our view of the Galactic population of hard X-ray sources and the evolutionary scenarios of their massive stellar companions. 
